
INTERNATIONAL SOCIETY FOR 

SOIL MECHANICS AND 

GEOTECHNICAL ENGINEERING 

This paper was downloaded from the Online Library of 
the International Society for Soil Mechanics and 
Geotechnical Engineering (ISSMGE). The library is 
available here: 

https://www.issmge.org/publications/online-library 

This is an open-access database that archives thousands 
of papers published under the Auspices of the ISSMGE and 
maintained by the Innovation and Development 
Committee of ISSMGE.   

https://www.issmge.org/publications/online-library


l/l 

T he  Engine e r ing Be haviour  o f a  Ca na dia n  Mus ke g

Le  C o m p o r t e m e n t  t e c h n iq u e  d ’u n e  to u r b iè r e  c a n a d ie n n e

J. I.  A D A M S ,  S upe rv is ing  Eng ine e r, S oils  S e ct ion, Re s e arc h Div is io n , Hy dro- Ele c tric  Pow e r Com m is s ion o f  Ontario ,  

T oronto , Canada

S U M M A R Y

T he  e ngine e r ing  b e h av io ur  o f a Ca n a d ia n  m us ke g  was  s tudie d 

bo th  in  the  la bo r a to r y  and  in  the  fie ld. I t  w as  s h ow n th a t  the  

s tr e ngth o f  the  pe a t  w as  e s s e nt ia lly  fr ic t io na l a nd  th a t  its  

p e r me a b ility  va r ie d  w ide ly  d u r in g  c o ns o lid a t io n. T w o  dis t inc t  

s tages  o f  c o ns o lid a tio n we re  obs e rve d, a s hor t- te rm s tage  w hic h  

is  be lie ve d to  be  the  e x puls ion o f fr e e  por e  w a te r  in  the  pe a t , 

a n d  a  long- te rm s tage  w h ic h  is  be lie ve d to  be the  compr e s s ion 

o f  the  s o lid  pe a t  m a t te r . Long- te rm por e  pressures  we re  obs e rve d 

w hich  are  be lie ve d to  be  as s ociate d w ith  the  c ompre s s ion o f the  

s olids .

S O M M A IR E

Le  c om p or te m e nt  t e c hnique  d ’u ne  tour biè r e  c a na die nne  a  fa it  

l’obje t  d ’é tude s  t a n t  e n la bo r a to ir e  que  s ur  le  te r r a in. De  ces  

é tude s , il  re s s or t q ue  la  rés is tance  de  la  to u rbe  e s t e s s e nt ie lle me nt 

u ne  r és is tance  de  fro tt e m e nt  e t que  s a  p e r m é a b ilit é  v a r ie  c o n ­

s idé r able me nt  d u r a n t  la  c ons o lida t ion . De u x  é tape s  dis t inc te s  de  

c ons o lid a t io n  o n t  é té  obse rvée s , l’une  à  c o u r t  te r me  q u i, croit- on, 

es t l ’e x puls ion de  l ’e a u c a p illa ir e  libr e , e t  l’a u tr e  à  lo ng  te rme  

q u i, croit- on, e s t la  compr e s s ion de  la  to ur be  s olide . O n  a obs e rvé 

des  pre s s ions  ca pilla ir e s  à  lo n g  te r me  e t l’o n pe ns e  q u ’e lle s  s ont  

as sociée s  à  la  c ompr e s s ion des  s olide s .

“ m u s k e g ”  i s  o r g a n i c  t e r r a i n  w h ic h  h a s  r e s u lt e d  fr o m  the  

in c o m p le te  d e c o m p o s it io n  o f  s u r fa c e  v e g e ta t io n . I t  c ons is ts  

o f  d e a d  a n d  fo s s ilize d  o r g a n ic  m a t t e r  k n o w n  a s  p e a t  s u p ­

p o r t in g  a  s u r fa c e  la y e r  o f  liv in g  v e ge ta l m a t t e r .  T h e  liv in g  

la y e r  r a n g e s  in  c o n s is t e n c y  a n d  s t a tu r e  fr o m  gr as s e s  a n d  

mo s s e s  t o  r e la t iv e ly  h ig h  b us h e s  a n d  tr e e s . A lt h o u g h  p e a t  

is  b y  n a t u r e  flu id  a n d  c o m p r e s s ib le , its  p r o p e r t ie s  a r e  v a r ia b le  

a n d  a r e  la r g e ly  d e te r m in e d  b y  th e  liv in g  m a t t e r  f r o m  w h ic h  

it  o r ig in a te s . T h e  c o r r e la t io n  o f  th e  liv in g  la y e r  w it h  the  

c o - e x is t ing  p e a t  la y e r  w a s  o bs e r v e d  b y  R a d fo r t h  (1 9 5 2 )  a n d  

fo r m e d  th e  b a s is  o f  h is  e n g in e e r in g  c la s s ific a t io n  o f  m u s k e g . 

A lt h o u g h  m u s k e g  is  fo u n d  in  m a n y  p a r t s  o f  t h e  w o r ld , its  

p r e s e n c e  in  th e  n o r th e r n  h e m is p h e r e  is  m o s t  n o t ic e a b le  in  

n o r th e r n  E u r o p e , t h e  U .S .S .R . ,  a n d  C a n a d a .  In  C a n a d a ,  as  

w ill be  s e e n in  F ig .  1, m u s k e g  c ov e r s  m o r e  th a n  5 0  p e r  c e n t

o f  th e  la n d  s u r fa c e  s o u th  o f  th e  t r e e  lin e , a n d  its  p re s e n ce  

h a s  p r e s e n te d  fo r m id a b le  o b s t a c le s  to  th e  d e v e lo p m e n t  o f  

n a t u r a l r e s ou r c e s  in  th e  n o r th . In  th e  d e v e lo p m e n t  o f  

h y d r a u lic  p o w e r  s ite s  in  n o r th e r n  O n t a r io ,  p r o b le m s  a s s oc i­

a te d  w it h  m u s k e g  d e te r m in e  to  a  la r g e  e x te n t  t h e  e c o n o m ic  

fe a s ib ilit y  o f  m a n y  p o te n t ia l p o w e r  p r o je c ts .

S tu d ie s  o f  t h e  e n g in e e r in g  p r o p e r t ie s  o f  p e a t  w e r e  u n d e r ­

t a k e n  b y  th e  O n t a r io  H y d r o  Re s e a r c h  D iv is io n  in  1 9 6 0 . 

In it ia l la b o r a t o r y  te s ts  in c lu d e d  th o s e  o f  c o n s o lid a t io n ,  p e r ­

m e a b ilit y , a n d  t r ia x ia l c o m p r e s s io n . In s t r u m e n t a t io n  o f  p e a t  

u n d e r ly in g  s e v e r a l e m b a n k m e n t s  h a s  b e e n  c a r r ie d  o u t , a n d  

a n  a t t e m p t  h a s  b e e n  m a d e  t o  r e la t e  fie ld  t o  la b o r a to r y  

b e h a v io u r .  A lt h o u g h  m u c h  o f  th is  w o r k  h a s  b e e n  p re s e n te d  

e a r lie r  (A d a m s ,  1 9 6 1 , 1 9 6 3 ) ,  t h e  r e s u lt s  o f  a ll o f  t h e  w o r k , 

in c lu d in g  s o m e  r e c e nt  la b o r a t o r y  s tu d ie s , a r e  n o w  p r e s e n te d  

a n d  r e v ie w e d . T h e  b e h a v io u r  o f  p e a t  w it h  r e s p e c t  t o  s t r e n g th  

a n d  c o m p r e s s ib ilit y  is  d is c u s s e d , a n d  g e n e r a l c o n c e p t s  a r e  

s ugge s te d  w h ic h  m a y  be  h e lp fu l in  p r e d ic t in g  th e  e n g in e e r in g  

b e h a v io u r  o f  m u s k e g .

l o c a t i o n  a n d  c l a s s i f i c a t i o n  o f  m u s k e g  

S tu d ie s  o f  m u s k e g  w e r e  m a d e  a t  t h r e e  lo c a t io n s  in  th e  

Mo o s e  R iv e r  b a s in ,  a s  s h o w n  in  F ig . 1. T h e  m u s ke g- c o ve r  

c la s s ific a t io n  a n d  th e  r e s ults  o f  p h y s ic a l te s ts  o n  th e  p e a t  a t  

t h e  th r e e  lo c a t io n s  a r e  s h o w n  in  T a b le  I.  A t  e a c h  o f  th e  

lo c a t io n s  s h a llo w  e m b a n k m e n t s  w e r e  c o n s t r u c t e d  o n  m u s k e g  

fo r  th e  p u r p o s e s  in d ic a te d  in  th e  t a b le . In s t r u m e n t a t io n  o f  

t h e  p e a t  fo u n d a t io n s  w a s  c a r r ie d  o u t  a n d  m e a s u r e m e n t s  o f  

s e t t le m e n t  a n d  por e - pr e s s ur e  d e v e lo p m e n t  w e r e  m a d e  d u r in g  

a n d  s u b s e q u e n t  to  c o n s t r u c t io n . “ U n d is t u r b e d ”  b u lk  s a m p le s  

o f  th e  p e a t  w e r e  o b t a in e d  f r o m  e a c h  lo c a t io n  a n d  u s e d  in  

la b o r a to r y  s tud ie s .

l a b o r a t o r y  s t u d i e s  

T h e  lit e r a tu r e  r e v e a ls  u n c e r t a in ty  a s  to  w h e t h e r  p e a t  b e ­

h a v io u r  is  fr ic t io n a l o r  c o h e s iv e . H a n r a h a n  ( 1 9 5 4 ) ,  fo r  

in s t a n c e , h e ld  th a t  t h e  s t r e n g th  o f  p e a t  w a s  e s s e n t ia lly  

c o h e s iv e . Ot h e r s  c o n s id e r e d  th e  p o s s ib ilit y  t h a t  t h e  fib r e  

te n s ile  s t r e n g th  m ig h t  in flu e n c e  p e a t  b e h a v io u r .  W it h  r e s pe c t

(AFTER R.W. RADFORTH PHD 
McMASTER UNIVERSITY)

f i g . 1. M a p  o f  Ca n a d a  s h ow ing  are as  o f  mus ke g occur re nce .

3



T A B L K  I.  P H YS IC A L  P ROl' IC U T IF .S  A N D  C L A S S IF IC A T IO N  O F  1‘IiA T

Lo ca t io n
Mus ke g*

cove r P e a t*
w  pe r  ce nt 

d r y  w t . G p H
As h pe r  ce nt 

d r y  wt.

1 Lit t le  Lo n g  Ra p id s  GS  (access  road A D I/ B E I No . 9- 11 200- 600 1 .6 2 4 .8 - 6 .3 1 2 .2  to  2 2 .5
2  A b it ib i Ca n y on  GS  (s ewage  lagoon 

e m ba nk m e n t) IV I No . 2 355- 425 1 .73 6 .7 1 5 .88
3  H a r m o n  GS  (block d a m ) D l ' I / B No . 6- ± 330- 375 1 .6 5 6 .2 12 .27

*Ra d fo r th  c las s ifica tion (1952).

to  th e  c o n s o lid a t io n  o f  p e a t , t h e  o b s e r ve d  b e h a v io u r  w a s  

s im ila r  in  m o s t  ins t a n c e s , b u t  t h e  in t e r p r e t a t io n  o f  r e s u lt s  

v a r ie d  fr o m  th e  o p in io n  th a t  t h e  c o n s o lid a t io n  o f  p e a t  w a s  

e s s e n t ia lly  “ p r im a r y ,”  to  o n e  th a t  it  w a s  e s s e n t ia lly  “ s e c o n ­

d a r y .” * A l l  a p p e a r e d  t o  a g r e e  th a t  s e t t le m e n t  w a s  c o n t in u o u s . 

A  g o o d  e x a m p le  o f  th e  lo ng - t e r m b e h a v io u r  o f  p e a t  w a s  

g iv e n  b y  B u is m a n  ( 1 9 3 6 ) ,  w h o  c it e d  e m b a n k m e n t s  o n  p e a t  

( H o lla n d )  in  w h ic h  c o n t in u o u s  s e t t le m e n t , lin e a r  w it h  th e  

lo g a r it h m  o f  t im e ,  w a s  r e c o r d e d  fo r  m o r e  th a n  e ig h ty  ye a r s . 

A n o t h e r  c o n s is t e n t  o b s e r v a t io n  w a s  t h a t  o f  t h e  m a r k e d  

c h a n g e  in  th e  p e r m e a b ilit y  o f  p e a t  w it h  c h a n g e  in  v o lu m e  

(s e e , fo r  e x a m p le  M iy a k a w a ,  1 9 6 0 ).  T h e  t e s t in g  d e s c r ib e d  

b e lo w  w a s  c a r r ie d  o u t  w it h  th e  h o p e  o f  r e s o lv in g  s o m e  o f  the  

u n c e r t a in t ie s .

Pe rm e ability  T ests

P e r m e a b ilit y  te s ts  w e r e  c a r r ie d  o u t  o n  r e m o u ld e d  p e a t  in  

a n  8- in.- d ia m e te r  s e t t le m e n t - p e r m e a b ilit y  d e v ic e . T h e  p e a t  

w a s  c o n s o lid a t e d  u n d e r  s uc c e s s ive  in c r e m e n t s  o f  v e r t ic a l 

c o m p r e s s io n . A t  th e  c o m p le t io n  o f  e a c h  lo a d in g  p e r io d  th e  

p e r m e a b ilit y  o f  t h e  p e a t  w a s  d e te r m in e d  b y  a  fa llin g  h e a d  

te s t . F ig .  2  s ho w s  th a t  t h e  p e a t  w a s  in it ia lly  q u it e  p e r v io u s

f i g .  2. P e r m e a bility  versus  s a mple  he ight.

b u t  b e c a m e  r e la t iv e ly  im p e r v io u s  u n d e r  h ig h  c o m p r e s s iv e  

lo a d s . O f  s ig n ific a n t  in te r e s t  is  t h e  lin e a r  v a r ia t io n  o f  th e  

lo g a r it h m  o f  k y t h e  c o e ffic ie n t  o f  p e r m e a b ilit y , w it h  the  

lo g a r it h m  o f  H ,  t h e  th ic k n e s s  o f  s a m p le . S im ila r  f in d in g s  

w e r e  r e p o r t e d  b y  M iy a k a w a  (1 9 6 0 ) .

S tre ngth T ests

S a m p le s  o f  p e a t  w e r e  p r e p a r e d  fr o m  “ u n d is tu r b e d ”  b u lk  

s a m p le s  o b ta in e d  a t  lo c a t io n  2 . U n d r a in e d  t r ia x ia l te s ts  w it h  

p or e - w a te r - p re s s u r e  m e a s u r e m e n t s  w e r e  c a r r ie d  o u t  o n  

s a m p le s  w h ic h  w e r e  s a tu r a t e d  b y  b a c k  p r e s s ur e  a n d  con-

*“ P r im a r y ”  c o ns o lid a t io n  is  cons ide re d he r e  as  th a t  p o r t io n 

oc c u r r ing  m a in ly  u nd e r  a n excess  hydr os ta t ic  pre s s ure , a nd  

“s e c ondar y ,” th a t  p o r t io n  oc c u r r ing  m a in ly  und e r  ze r o , o r  ne g ­

lig ib le  hydr os ta t ic  pressure .

l
CC= 36.5"

/\ f  

INC d ^

1
DEC / /

CONSOL.

1 1

CONSOLIDATION

f i g .  3. T r ia x ia l stress plots .

s o lid a t e d  is o t r o p ic a lly  u n d e r  2 , 10 , a n d  3 0  p s i c o n fin in g  

pr e s s ur e s . T w o  s a m p le s  w e r e  u n lo a d e d  a ft e r  is o t r o p ic  c o n ­

s o lid a t io n  u n d e r  10  a n d  3 0  p s i a n d  t e s te d  a t  p r e c o n s o lid a t io n  

r a t io s  o f  5  a n d  15 r e s p e c t iv e ly . D r a in e d  t r ia x ia l te s ts  w e r e  

m a d e  o n  tw o  s a m p le s  o f  p e a t  w h ic h  w e r e  c o n s o lid a t e d  ani-  

s t r o p ic a lly  (z e r o  la t e r a l s t r a in )  a n d  th e n  fa ile d  b y  in c r e a s in g  

cr\  o r  d e c r e a s in g  <r'3. Str e s s  p lo t s  o f  a ll t h e  t r ia x ia l te s ts  a r e  

g iv e n  in  F ig . 3 . I t  w ill be  s e e n t h a t  in  a ll te s ts  t h e  s tre s s  p lo t s  

a t  fa ilu r e  ( m a x o - ' , / ^ )  fa ll g e n e r a lly  o n  a  s in g le  lin e  th r o u g h  

th e  o r ig in ,  a n d  t h a t  t h e  a n g le  o f  s h e a r in g  r e s is ta n c e  in  t e r m s  

o f  e ffe c t iv e  s tre s s  in d ic a te d  fr o m  the s e  te s ts  is  h ig h  ( <j>'  =  

4 8 ° ) .  C o r r e c t io n  fo r  r a t e  o f  v o lu m e  c h a n g e  w a s  a p p lie d  to  

th e  d r a in e d  te s ts  b u t  t h e  c o r r e c t io n  w a s  fo u n d  t o  be  in s ig ­

n if ic a n t .  T h e  K 0 v a lu e  o f  th e  p e a t  fo r  t h e  tw o  d r a in e d  te s ts  

w a s  c a lc u la t e d  t o  b e  o f  th e  o r d e r  o f  0 .3 .* T h e  p r e c o n s o li ­

d a t e d  s a m p le s  s h o w e d  a  s lig h t  pr e s tr e s s  e ffe c t  b u t  it  w o u ld  

a p p e a r  t h a t  t h is  e ffe c t  is  m in o r  fo r  e v e n  h ig h ly  p r e c o n s o li ­

d a t e d  m a te r ia l.

Cons o lidation T ests  

C o n s o lid a t io n  te s ts  w e r e  c a r r ie d  o u t  o n  s a m p le s  f r o m  

th e  th r e e  lo c a t io n s  s h o w n  o n  F ig .  1. T h e  th ic kn e s s e s  o f  

* Whe r e  K 0 =  </3/ff/ l  fo r  ze r o  la t e r a l s t r a in.
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t h e  s a m p le s  a r e  s h o w n  in  F ig . 5 . O n  th e  8- in.-  a n d  4.5-  

in .- d ia m e te r  s a m p le s  th e  e x ce s s  h y d r o s t a t ic  w a t e r  pr e s ­

s u r e  w a s  m e a s u r e d  d u r in g  th e  te s ts  b y  n o t in g  th e  r is e  

in  w a t e r  le v e l in  fine - bor e  p la s t ic  t u b in g  c o n n e c te d  to  the  

ba s e  p la t e s  o f  t h e  s a m p le s , d r a in a g e  b e in g  a llo w e d  to  th e  

to p  s u r fa c e .* T h e  c o n s o lid a t io n  lo a d s  w e r e  v a r ie d  fr o m  

3 0  t o  2 ,0 0 0  p s f, a n d  w e r e  a p p lie d  in  s in g le  in c r e m e n t s ,  

as  w e ll a s  in  m u lt ip le  in c r e m e n t s  (A P / P  = 1 ).

T h e  r e s ults  o f  a  ty p ic a l te s t  o n  p e a t  a r e  s h o w n  in  F ig . 4  

in  w h ic h  s e t t le m e n t  a n d  p o r e  p re s s ur e  a r e  p lo t t e d  t o  d if ­

fe r e n t  t im e  s ca le s . In  e a c h  t im e  p lo t  (a r it h m e t ic ,  s qu a r e  

r o o t ,  a n d  lo g a r it h m )  it  w ill be  n o t e d  t h a t  t h e r e  is  a n  

in it ia l s e t t le m e n t , S {), o c c u r r in g  in  a  r e la t iv e ly  s h o r t  p e r io d  

o f  t im e  (/0 =  5  m in ) .  T h e  s e t t le m e n t  c o n t in u e s  b u t  a t

TIME IN MINUTES

f ig .  4 . T y pica l c ons o lid a t io n curve .

a  m u c h  s lo w e r  r a t e  w h ic h  is  a p p r o x im a t e ly  lin e a r  w it h  

th e  lo g a r it h m  o f  t im e .  T he s e  r e s ults  a r e  r e a s o n a b ly  ty p ic a l 

o f  a ll te s ts  c a r r ie d  o u t  in  th e  p r e s e n t  s t u d y . I t  m a y  be  

n o te d  t h a t  t h e  e x ce s s  p o r e  p r e s s u r e  w a s  a lm o s t  e n t ir e ly  

d is s ip a te d  d u r in g  th e  in it ia l c o n s o lid a t io n  p e r io d ; a r e s id u a l 

p r e s s u r e  o f  lo w  m a g n it u d e  (1 in c h  o f  w a te r ) r e m a in e d , 

w h ic h  d e c r e a s e d  s lig h t ly  w it h  t im e .

T h e  in it ia l s e t t le m e n t  S 0 w a s  c a lc u la t e d  fo r  e a c h  te s t  a n d  

e x pr e s s e d  a s  th e  r a t io  ( A f / / / / 0 ) (c h a n g e  in  h e ig h t  o v e r  

in it ia l h e ig h t ) .  T h is  v a lu e  w a s  p lo t t e d  t o  th e  lo g a r it h m  o f  

th e  a p p lie d  lo a d  as  s h o w n  in  F ig . 5 . A lt h o u g h  th e  p o in t s  

a r e  s c a t te r e d , t h e y  fa ll w it h in  a b a n d  in d ic a t in g  a  g e n e r a l

*T he  me as ur e me nts  a re  obvious ly  in  e r ror  d u r in g  r a p id  v o lu me  

c ha nge  b u t  a re  cons ide re d a c cur a te  whe n the  r a te  o f  v o lu m e  

c ha nge  is  r e la t ive ly  low .

f i g . 5. In it ia l c ons o lida t ion .

f i g . 6. Long- te rm cons o lida t ion .

r e la t io n s h ip  b e tw e e n th e  in it ia l c o m p r e s s io n  o f  th e  p e a t  

a n d  th e  m a g n it u d e  o f  th e  a p p lie d  lo a d . It  w ill a ls o  be  s e e n 

th a t  a t  h ig h e r  pr e s s u re s  th e  r e la t io n s h ip  fo r  th e  p e a t  fr o m  

lo c a t io n  1 d iffe r s  fr o m  th os e  fo r  lo c a t io n s  2  a n d  3 .

It  h a s  b e e n  s h o w n  th a t  t h e  lo ng - t e r m  c o n s o lid a t io n  o f  

p e a t  is  g e n e r a lly  lin e a r  w it h  the  lo g a r it h m  o f  t im e .  A s  th e  

s lo p e  o f  th is  p lo t  a p p e a r e d  to  v a r y  in  a  lo g ic a l m a n n e r  

w ith  b o th  a p p lie d  lo a d  a n d  s a m p le  th ic kn e s s , it  w a s  th o u g h t  

to  be  s ig n ific a n t  fo r  r e la t in g  la b o r a to r y  a n d  fie ld  b e h a v io u r .  

T h e  c o n c e p t  w a s  o r ig in a lly  s ug ge s te d  b y  B u is m a n  (1 9 3 6 )  

a n d  w a s  m e n t io n e d  m o r e  r e c e n t ly  b y  M iy a k a w a  ( 1 9 6 0 ) .  

F o r  a ll te s ts  c a r r ie d  o u t ,  t h e  s lo pe  o f  th e  lo ng - te r m  lo g  p lo t  

w a s  c a lc u la t e d  a n d  th e  v a lu e  C s w a s  d e te r m in e d  b y  d iv id ­

in g  th e  s lo p e  v a lu e  b y  th e  th ic kn e s s  o f  t h e  p e a t  ( H 0 — S 0) 

a t  t h e  s ta r t  o f  t h e  lo n g - t e r m  c o m p r e s s io n .  T h e  Cs v a lu e s  

p lo t t e d  a g a in s t  t h e  lo g a r it h m  o f  th e  a p p lie d  lo a d  a r e  s h o w n  

in  F ig .  6. I t  w ill be  s e e n t h a t  a n  a p p r o x im a t e  g r o u p in g  w a s  

o b t a in e d  in d ic a t in g  a  g e n e r a l r e la t io n s h ip  fo r  th e  r a t e  o f  

lo ng - t e r m  c o n s o lid a t io n  w it h  th e  m a g n it u d e  o f  th e  a p p lie d  

lo a d .  A ls o , t h e  r e la t io n s h ip  fo r  th e  p e a t  f r o m  lo c a t io n  1 

d iffe r s  f r o m  th o s e  fo r  lo c a t io n s  2  a n d  3.

C O M P A R IS O N  O F  LA B O RA T O RY A N D  F IE L D  B E H A V IO U R

In  e a c h  o f  th e  fie ld  e m b a n k m e n t s  a t  t h e  th r e e  lo c a t io n s  

in d ic a te d  o n  F ig . 1, in s t r u m e n t s  w e r e  in s t a lle d  in  th e  p e a t
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fo u n d a t io n  p r io r  to  c o n s t r u c t io n , a n d  m e a s u r e m e n t  o f  

fo u n d a t io n  s e t t le m e n t  a n d  p or e - pr e s s ur e  d e v e lo p m e n t  w e r e  

r e c o r d e d  b o t h  d u r in g  a n d  s u b s e q u e n t  to  p la c in g  th e  e m b a n k ­

m e n t  m a te r ia l.  De s c r ip t io n s  o f  th e  s e c t ion s  in s t r u m e n te d  a r e  

g iv e n  in  T a b le  II.

T A B L E  I I .  D E S C R IP T IO N  O F  F I E L D  S E C T IO N S  IN  S T R U M  K N T K D

L o c a t io n

D e p t h  

o f  fill 

( it )

D e p t h  

o f p e a t  

(f t )

M u s k e g

c la s s ifi­

c a t io n

D e s c r ip t io n  

o f u n d e r ly in g  

m in e r a l s o il

1 A* 6 .0 7 .0 A D I d e ns e  t ill

IB * 3 .5 1 4 .0 B E I / E l d e ns e  t ill

2  A 7 .0 5 .6 171 s o ft  m a r l

2 B 1 5 .0 4 .7 171 s o ft  m a r l

3 4 .4 8 .1 D F I / B d e ns e  t ill

•C o r d u r o y  m a t  us e d o n  t o p  o f m u s k e g .

D u r in g  c o n s t r u c t io n  o f  e a c h  e m b a n k m e n t  a  la r g e  s e t t le ­

m e n t  w a s  r e c o r d e d  im m e d ia t e ly  o n  firs t  a p p lic a t io n  o f  lo a d . 

B y  th e  e n d  o f  th e  c o n s t r u c t io n  p e r io d  th e  c o n s o lid a t io n  

o c c u r r e d  a t  a  m u c h  lo w e r  r a le . A lt h o u g h  th e  s e t t le m e n t  w a s  

ir r e g u la r  it  w a s  b e lie v e d  to  be  e s s e n t ia lly  lin e a r  w it h  th e  

lo g a r it h m  o f  t im e .  T h e  por e - p re s s u re  d e v e lo p m e n t  w a s  

a p p r e c ia b le  a n d  in  th e  c a s e  o f  th e  de e p e s t  p e a t  (1 5  f t  a t  

lo c a t io n  1)  a p p r o a c h e d  th e  v e r t ic a l u n it  w e ig h t  o f  t h e  

e m b a n k m e n t .  In  a ll cas e s  th e  p o r e  p r e s s u r e s  a p p e a r e d  to  b e  

c o n t in u o u s .  T h e  s e t t le m e n t  a n d  p or e - pr e s s ur e  m e a s u r e m e n t s  

f r o m  th e  th r e e  lo c a t io n s  w e r e  p lo t t e d  to  th e  lo g a r it h m  o f  

t im e  ( F ig .  7 ) .

T o  c o m p a r e  th e  fie ld  c o n s o lid a t io n  w it h  th e  la b o r a to r y  

c o n s o lid a t io n ,  t h e  im m e d ia t e  s e t t le m e n t  e x pr e s s e d  as  AH / H 0 

w a s  c a lc u la t e d  f r o m  e a c h  o f  th e  e m b a n k m e n t s  in s t r u m e n te d  

a s  w e ll a s  th e  c o e ffic ie n t  o f  s e c o n d a r y  c o n s o lid a t io n  C 6. 

T h e s e  v a lu e s  w e r e  p lo t t e d  o n  F ig s . 5  a n d  6 t o  c o m p a r e  w it h  

th e  la b o r a to r y  r e la t io n s h ip s . T h e  C s v a lu e s  s h o w n  c o v e r  a  

c o m p a r a t iv e ly  s h o r t  p e r io d , t h e  m a x im u m  p e r io d  b e in g  a b o u t  

1% y e a r s  a t  lo c a t io n  1. I t  w ill b e  s e e n t h a t  t h e  fie ld  v a lu e s  

o f  AH / H  a n d  C 6, fo r  lo c a t io n s  1 a n d  3 , p lo t  w it h in  th e  

la b o r a to r y  r a n g e .  T h e  fie ld  v a lu e s  f r o m  lo c a t io n  2  p lo t  b e lo w

th e  la b o r a to r y  r a n g e . A t  th is  lo c a t io n , h o w e v e r ,  c o m p r e s ­

s ib le  m a r l w a s  fo u n d  u n d e r ly in g  th e  m u s k e g , a n d  th e  fie ld  

v a lu e s  w e r e  c a lc u la t e d  o n  th e  ba s is  o f  the  p e a t  t h ic k n e s s  o n ly .

d i s c u s s i o n

T h e  c o n s o lid a t io n  o f  p e a t  w a s  o bs e r v e d  in  th e  la b o r a t o r y  

a n d  in  th e  fie ld  to  o c c u r  in  tw o  d is t in c t  s ta ge s . In  a n  in it ia l 

s ta ge  r e la t iv e ly  la r g e - m a g n itu d e  c o m p r e s s io n  o c c u r s  in  a  

s h o r t  p e r io d . T h e  d u r a t io n  o f  th e  in it ia l s ta ge  is  in  t e r m s  o f  

m in u te s  in  th e  la b o r a to r y  a n d  in  t e r m s  o f  d a y s  o r  w e e k s  in  

th e  fie ld , fo r  t h e  cas e s  o bs e r v e d . A  lo n g - t e r m  s ta ge  fo llo w s  

in  w h ic h  th e  r a t e  o f  s e t t le m e n t  is  m u c h  le s s  a n d  e s s e n t ia lly  

lin e a r  w it h  th e  lo g a r it h m  o f  t im e .  It  w a s  s h o w n  th a t  t h e  

m a g n it u d e  o f  th e  in it ia l s e t t le m e n t  w a s  d ir e c t ly  r e la t e d  to  

p e a t  t h ic k n e s s  a n d  a p p lie d  lo a d , a n d  t h a t  b o th  fie ld  a n d  

la b o r a to r y  m e a s u r e m e n t s  c o n f ir m e d  th is  g e n e r a l r e la t io n s h ip . 

F u r th e r , it  w a s  s h o w n  th a t  t h e  r a t e  o f  lo ng - t e r m  c o n s o lid a ­

t io n  c o u ld  b e  r e la t e d  t o  p e a t  t h ic k n e s s  a n d  a p p lie d  lo a d . 

T h is  r e la t io n s h ip  a ls o  w a s  c o n fir m e d  b y  la b o r a to r y  a n d  fie ld  

m e a s u r e m e n t s  a lt h o u g h  th e  la t t e r  c o v e r  a  c o m p a r a t iv e ly  

s h o r t  p e r io d .

I t  h a s  b e e n  s h o w n  th a t  t h e  p e r m e a b ilit y  o f  p e a t  de c r e a s e s  

in  a  p r e d ic t a b le  m a n n e r  w it h  r e d u c t io n  in  v o lu m e , a n d  th is  

b e h a v io u r  is  b e lie v e d  to  be  a s ig n ific a n t  c h a r a c te r is t ic  o f  

p e a t . A lt h o u g h  n o t  s h o w n  in  th e  t e s t in g , it  is  b e lie v e d  th a t  

t he  s o lid  c o n s t itu e n t s  o f  p e a t  c o n t a in  a  h ig h  p e r c e n ta g e  o f  

w a te r  a n d  a r e  c o m p r e s s ib le . T h e  fo llo w in g  c o n c e p t  o f  t h e  

c o n s o lid a t io n  o f  p e a t  is  s u gg e s te d  a n d  is  b a s e d  p r im a r ily  o n  

th e  a b o v e  tw o  a s s e r t ion s . O n  a p p lic a t io n  o f  lo a d , t h e  fr e e  

p o r e  w a te r  in  th e  p e a t  is  e x pe lle d  u n d e r  e x ce s s  h y d r o s t a t ic  

p r e s s u r e . S in c e  th e  p e a t  is  in it ia lly  q u it e  p e r v io u s  a n d  th e  

p e r c e n t a g e  o f  p o r e  w a t e r  is  h ig h ,  t h e  m a g n it u d e  o f  c o n ­

s o lid a t io n  is  la r g e  a n d  th is  p e r io d  o f  c o n s o lid a t io n  is  s ho r t . 

A s  th e  p e a t  u n d e r g o e s  a  la r g e  v o lu m e  c h a n g e  th e  p e r m e a ­

b ilit y  is  s ig n ific a n t ly  r e d u c e d .  D u r in g  th is  p e r io d  th e  e ffe c t ive  

c o n s o lid a t in g  p re s s ur e  is  t r a n s fe r r e d  fr o m  th e  p o r e  w a te r  

t o  s o lid  p e a t  fa b r ic  in  a m a n n e r  s im ila r  t o  th e  p r im a r y  c o n ­

s o lid a t io n  o f  c la y . U n lik e  m in e r a l s o il t h e  s o lid  p e a t  is  c o m ­

p r e s s ib le  a n d  w ill s u s t a in  o n ly  a  c e r t a in  p r o p o r t io n  o f  th e

H0 =  8.1' 

T  =  4.4'

104 I05

T IM E IN MINUTES 

LOCATION NO 3

H0  =  PEAT THICKNESS -  FT 

T  =  THICKNESS OF EMBANKMENT -  FT

LOCATION NO I LOCATION NO 2

f i g . 7 .  Re s ults  o f fie ld ins t ru me nta t io n.
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t o t a l e ffe c t ive  s tre s s , d e p e n d in g  o n  the  th ic k n e s s  a n d  p e r m e a ­

b ilit y  o f  t h e  p e a t  m a s s . A n  e q u ilib r iu m  c o n d it io n  is  e v e n t u ­

a lly  a c h ie v e d  w h e n  th e  r a t e  o f  c o m p r e s s io n  o f  the  s o lid  

p e a t  is  t h e  s a m e  as  th e  r a t e  o f  c o m p r e s s io n  o f  th e  p e a t  m a s s , 

a t  w h ic h  t im e  th e  p o r e  p r e s s u r e , o r  m o r e  p r o b a b ly  the  

h y d r a u lic  g r a d ie n t , b e c o m e s  c o n s ta n t .

I f  t h e  flo w  o f  w a t e r  t h r o u g h  p e a t  is  a c c o r d in g  to  D a r c y ’s 

la w , i.e ., d H / d t  =  iK , w h e r e  th e  h y d r a u lic  g r a d ie n t  i is  a 

c o n s ta n t ,  a n d  th e  c o e ffic ie n t  o f  p e r m e a b ilit y  K  v a r ie s  w ith  

th ic kn e s s  a c c o r d in g  to  th e  r e la t io n s h ip  s h o w n  in  F ig . 2 , i.e ., 

lo g  K / K 0 =  C  lo g  H / H 0, it  c a n  be  s h o w n  th a t  H ,  t h e  p e a t  

t h ic kn e s s , w ill v a r y  a p p r o x im a t e ly  w it h  th e  lo g a r it h m  o f  

t im e . T h e  fie ld  a n d  la b o r a to r y  o b s e r v a t io n s  t e n d  to  s u p p o r t  

th is  c o n c e p t .

C O N C L U S IO N S

T h e  s t r e n g th  o f  th e  p e a t  is  s h o w n  to  be  e s s e n t ia lly  fr ic ­

t io n a l a n d  in  a c c o r d a n c e  w it h  th e  p r in c ip le  o f  e ffe c t ive  

s tre s s . A lt h o u g h  th e  b e h a v io u r  o f  t h e  p e a t  is  s im ila r  t o  th a t  

o f  g r a n u la r  m a te r ia l, it  is  o n ly  s lig h t ly  d ila t a n t  e ve n  w h e n  

h ig h ly  p r e c o n s o lid a tc d .  A  s o m e w h a t  u n iq u e  c h a r a c te r is t ic  

o f  p e a t  is  a n  u n u s u a lly  lo w  K 0 v a lu e . S in c e  th is  v a lu e  im p lie s  

th a t  a p p r e c ia b le  s he a r  s tre s s e s  o c c u r  d u r in g  n o r m a l c o n ­

s o lid a t io n , t h e  m a g n it u d e  o f  c o n s t r u c t io n  p or e - w a te r  p r e s ­

s ur e s  is  p a r t ic u la r ly  s ig n ific a n t  in  d e te r m in in g  th e  s t a b ilit y  

o f  p e a t .

T h e  c o n s o lid a t io n  o f  p e a t  is  s h o w n  to  o c c u r  in  tw o  d is ­

t in c t  s ta ge s :  a n  in it ia l s ta ge  w h ic h  fo r  m o s t  cas e s  c a n  be  

c o n s id e r e d  im m e d ia t e  a n d  a  lo ng - te r m  s ta ge  w h ic h  c o n t in u e s  

in d e fin it e ly  a t  a  s lo w  r a te . G e n e r a l r e la t io n s h ip s  fo r  the

m a g n it u d e  o f  th e  in it ia l c o n s o lid a t io n  a n d  th e  r a t e  o f  lo n g ­

t e r m  c o n s o lid a t io n  w e r e  d e v e lo p e d  f r o m  la b o r a to r y  d a t a  

w it h  w h ic h  th e  fie ld  m e a s u r e m e n t s  s h o w  r e a s o n a b le  a gr e e ­

m e n t . I t  is  s u gge s te d  th a t  t h e  in it ia l c o n s o lid a t io n  is  the  

r e s u lt  o f  e x p u ls io n  o f  th e  fr e e  w a te r  in  th e  p e a t  m a s s  a n d  

th a t  t h e  lo ng - te r m  c o n s o lid a t io n  is  t h e  r e s u lt  o f  e x p u ls io n  

o f  w a te r  c o n t a in e d  in  th e  s o lid  p e a t  m a t t e r .

A C K N O W L E D G M E N T S  

T h e  w r it e r  w o u ld  lik e  to  a c k n o w le d g e  th e  a s s is ta nc e  a n d  

c o - o pe r a t io n  g iv e n  b y  M r .  C . T . E n r ig h t  a n d  M r .  S . M ik o lie w  

o f  the  O n t a r io  H y d r o  H y d r a u lic  G e n e r a t io n  D e p a r tm e n t .
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